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Expert Witness Statement of Denis Foerst 

I have reviewed analytical data at CH2M Hill at Montgomery, Alabama, 
concerning the analyses performed on wells around St. Louis Park, Minnesota. 

The laboratory followed the provisions of their Quality Assurance 
Project Plan (Attachment A dated September 8, 1982). The conclusions in my 
memo to Mike Harris (attachment B dated June 23, 1983) are valid concerning 
the performance of the laboratory regarding PAH analyses. 

While in Montgomery, I reviewed raw data, standards and laboratory 
worksheets. Special attention was given to: 

3421G 
3421A 
3421P 
STDS 

Blank 
SLP-4 
SLP-15 

9-21-82 
9-21-82 
9-24-82 

Attachment C 
Attachment D 
Attachment E 
Attachment F 

14 pages 
13 pages 
26 pages 
7 pages 

The results reported by the lab represent the concentration of PAH 
compounds in the samples. Because of the constraints of using an MOL 
(Method Detection Limit) the laboratory occasionally reported BMDL (below 
Method Detection Limit) for some PAH compounds which indeed may have been 
present. This error of the second kind is to be expected when analyzing 
samples at low levels and is acceptable. 

Based upon this review, I am prepared to testify that the laboratories 
results are valid and represent the concentrations of PNA compounds in the 
samples. 
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Quality Assurance Project Plan for the 
Measurement of PAH Compounds at ng/L 

Levels by Gas Chromatography/Mass Spectrometry 

Prepared for CH2M Hill 

Denis L. Foerst, Research Chemist Robert L. Booth, Acting QA Officer 
Organic Analyses Section Environmental Monitoring and Support 
Physical and Chemical Methods Branch Laboratory - Cincinnati 
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3. PROJECT "DESCRIPTION 

CH2M Hin Is to conduct a project to measure the PAH concentration at 
ng/L levels In: 

0 the ground water In the vicinity of Saint Louis Park, Minnesota, 
0 the Influent, the effluent, and various stages of the existing 

treatment facility, 
0 various stages during a series of bench scale treatments, 
0 the Influent and effluent of a pilot plant during a 30 day study. 

The analytical procedure Involves the serial extraction of the aqueous 
sample with methylene chloride at pH >11 and then pH <2, concentration, 
and analysis via capillary column gas chromatography/mass spectrometry 
(6C/MS). 

The anticipated sampling schedule Is given In Table 1. The target 
compounds are listed In Table 2. The PAH measurement data will be used 
to Judge the treatability of the selected treatment process. 
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4. PROJECT ORGANIZATION AND RESPONSIBILITY 

4.1 The Regional Manager will review all QA data with the Laboratory 
Manager on a quarterly basis. 

4.2 The Laboratory Manager Is responsible for the continuity and 
control of the QA program. 

4.3 The Quality Assurance Coordinator 1s responsible for: 

4.3.1 Logging samples and Introducing control samples. 
4.3.2 Monitoring QA activities. 
4.3.3 Informing the staff and management of non conformance to the 

QA program. 
4.3.4 Reviews purchased materials"to ensure that quality materials 

are purchased. 
4.3.5 Receives data prior to reporting and maintains QA documents. 
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5. QA OBJECTIVES FOR PAH MEASUREMENT DATA IN TERMS OF PRECISION. OA OBJECT; fccuScv, COMPLETENESS AND METHOD DETECTION LIMITS 

5.1 The QA objective for precision Is an average relative range for 
duplicate analyses of less than 30X at a 95X confidence level. The 
preliminary validation study Indicates that the relative standard 
deviation of laboratory control standards exhibits a slight 
concentration dependence (Figure 1). 

5.2 The QA objective for accuracy Is an average bias for the spiked 
samples of less than 25X. The preliminary validation study 
exhibited an average bias of -8X and -18X for 15 PAH compounds for 
true values of 10 ng/L and 25 ng/L, respectively and an average 
bias of -3X for 27 conqiounds at a nominal value of 4 ng/L. 

5.3 The QA objective for completeness Is 90X. No more than lOX of the 
data Is to be ruled Invalid due to QA/QC checks on the overall 
system performance. 

5.4 The QA objective for method detection limit (MDL) Is an average MDL 
of less than 5 ng/L. The validation study gave an average MDL of 
1.2 ng/L for the 27 compounds listed In Table 3. 
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6. SAMPLING PROCEDUj^E 

6.1 Method 624, purgeables, requires a duplicate sample to be collected 
and preserved with acid If analysis Is to be performed between 7 
and 14 days after collection due to the potential biological 
degradation of benzene, toluene, and ethylbenzene. If not acid 
preserved, the purgeable samples must be analyzed within 7 days. 

6.2 The PNA compounds are susceptible to photodegradatlon, therefore, 
amber containers or foil wrapped containers must be used. 
Extraction must be completed within 7 days of collection. Extracts 
must be analyzed within 40 days of extraction. 

6.3 Sample containers must be scrupulously cleaned. All sample 
containers are to be washed with detergent, rinsed with tap water, 
reagent water, and set aside to dry. PNA sample containers, after 
drying, are rinsed with a polar and a non-polar organic solvent and 
again set aside to dry before use. 

6.4 Triplicates, duplicates and field blanks are Included In each set 
of samples as scheduled on Table 1. The field blank Is sent from 
the lab to the field and back to the laboratory with the other 
samples. 

6.5 The composition of the duplicates and triplicates must be 
homogenous. Collect these samples In as short a period of time as 
possible. Fill each bottle of a duplicate or a triplicate set by 
sequential thirds to ensure homogeneity. 

6.6 When sampling Inactive wells, record the number of well volumes 
that have been pumped prior to filling an Individual sample. A 
minimum of 10 casing volumes should be pumped before collecting a 
sample. 

6.7 When sampling an active well, record the number of gallons pumped 
In the previous 24 hours. 

6.8 The specific sample tag Is Illustrated In Figure 2. 

6.9 Field records must be completed at the time the samples are 
collected. The records must be signed or Initialed Including the 
date and time by each member of the sampling team. A Field 
Tracking Report Form Is given In Figure 4. 
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7. SAMPLE CUSTODY 

7.1 Chain of custody procedures will apply to all samples. A chain of 
Custody Record form Is given In Figure 5. All entries are to be 
completed In Indelible Ink. Dean Malotky Is the field sampling 
team leader. 

7.2 The original chain of custody record Is sealed In a watertight 
plastic sandwich bag and shipped Inside the sealed transportation 
case. A copy of the record Is retained by the sampling team. 

7.3 The samples are shipped to Harold Cole, the designated custodian at 
CH2M Hill. A permanent log book will be kept describing the 
samples as received. Log book entries are to Include; the person 
delivering the sample, date and time received, source of sample, 
sample ID or log number, mode of transport, and the condition of 
the sample as received. 

7.4 Samples are to be stored In the custody room, a securely locked 
area. Only the custodian Is to deliver samples to the laboratory 
personnel. The laboratory Is to be maintained as a secured area, 
restricted to authorized personnel only. Laboratory personnel are 
responsible for the care and custody of the sample after being 
received from the custodian. The sample must always be 1n the 
possession or view of the laboratory personnel or secured In 
laboratory at all times until analysis is completed. 

7.5 The unused portion of the sample. If any, and all Identifying 
labels must be returned to the custodian. The custodian will 
retain unused portions of the Sanqsle until the State's Authorized 
Agent, Michael J. Hansel, authorizes that the unused samples are to 
be destroyed. 
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8. CALIBRATION PROCEDURES AND FREQUENCY 

8.1 The procedures for Internal standard or external standard 
calibration are described In methods 624 and 625. The laboratory 
Is responsible for demonstrating the linear range and the linearity 
of the calibration curve. If the concentration level of a target 
compound exceeds the linear range, the extract Is diluted and 
reanalyzed for that compound. 

8.2 The calibration of the GC/MS system Is to be verified each day by 
1) achieving the DFTPP or BFB key Ion abundance criteria as 
appropriate, 2) achieving the benzidine or pentachlorophenol 
tailing factor criteria as appropriate, and 3) chromatographing an 
aliquot of the standard solution that contains the appropriate 
target conqsounds and updating the response factors If necessary. 

8.3 Sources of the Individual target compounds are given In Table 2. 
The source, purity, lot number, and certificate of true values for 
standard solutions will be recorded. 
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9. ANALYTICAL PROCEDURES 

9.1 Method 624 is to be used without change for the analysis of the 
purgeable samples. 

9.2 The PNA compounds are analyzed using a procedure developed at 
CH2M Hill. This procedure is very similar to method 625 with the 
following exceptions: 

9.2.1 Two surrogate standards are used instead of three. 

9.2.2. The volume of the final extract is 0.02 mL instead 
of 1.00 mL. 

9.2.3 The internal standards are added Just prior to the final 
concentration, subsequent analysis is performed immediately 
after this concentration. Method 625 calls for adding the 
internal standards Just prior to analysis. 

9.2.4 The retention time agreement is to be ± 10 sec. instead of ± 
30 sec. 

9.2.5 The MOL for the priority pollutant PNAs average less than 
5 ng/L. Method 625 gives an average MOL of 3200 ng/L for 
the priority pollutant PNAs. 

^-^-1 
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10. DATA ANALYSIS, VALIDATION AND REPORTING 

10.1 The area of each PNA Internal standard (IS) Is used to Judge the 
validity of the assay step. The area of d-8 naphthalene and d-10 
anthracene must be greater than 20,000 counts and for d-12 
chrysene, greater than 10,000 counts. If the area Is less than 
that required, the GC/MS system must be retuned or the sample must 
be reanalyzed after additional concentration. 

10.2 The recovery of the surrogate compounds Is used to Judge the 
validity of the sample processing steps. The surrogate standard 
recovery statistics are to be updated weekly to establish the 
control limits of R ± 3s. The sample processing steps are valid If 
the recovery for the surrogate compounds falls within the control 
limits. 

10.3 The equations In Section 7 and 15 of Method 625 are to be used to 
calculate the concentration of the target compounds. Report "not 
detected" If the calculated concentration Is less than the MDL. 
Report the MDL. concentration If the calculated concentration Is 
between the MDL and two times the MDL. Report the concentration In 
pg/L for purgeables or In ng/L for the PNAs If the calculated 
concentration Is greater than two times the MDL. 
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11. INTERNAL"QUALITY CONTROL.CHECKS 

11.1 Field Blanks — One field blank Is Included with each sample set. 
Once received back In the laboratory, the field blank Is treated 
and an authentic sample and Is used to monitor for contamination 
during transport and sampling. 

11.2 Laboratory Blanks — A laboratory blank Is analyzed whenever a 
field blank Indicates the possibility of contamination or whenever 
a new lot of solvents Is first used. 

11.3 Surrogate Standards — All samples. Including blanks, are spiked 
with the surrogate standards prior to extraction and are used to 
monitor the sample processing steps. The surrogate standards are 
l>fluoronaphthalene and 2,4,6-trlbromophenol.. 

11.4 Internal Standards — All extracts are spiked with the Internal 
standards just prior to the final concentration. The Internal 
standards are d-8 naphthalene, d-10 anthracene, d-12 chrysene, 

•2-fluorob1phenyl, and d-5 phenol. 

11.5 Duplicates and Spiked Samples — The duplicate pairs are used to 
give overall precision of the data In both a relatively clean and a 
contaminated matrix. The third sample of the triplicate Is used to 
give spiked recovery or accuracy data. The background 
concentration Is the mean value fr(xn the two unsplked samples of 
the triplicate. Since the spiked samples should always be 
relatively clean samples, a constant amount (100 ng) of each target 
compound should be used In all spiked samples. 

11.6 Refereed Samples — Samples sent out to the referee laboratories 
should Include a field blank and a triplicate so that 
Interlaboratory precision and accuracy can be compared. Capsule 
Labs will analyze samples using GC/MS, (modified Method 625), the 
Minnesota Department of Health will analyze samples using HPLC 
(modified Method 610), and EMSL-Clnclnnati will analyze samples 
using HPLC method 610 and GC/MS method 625. 

11.7 Quality Control Check Samples — The analytical laboratories must 
compare calibration standards with the EPA QC check samples at 
least once during this study. 
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12. PERFORMANCE AND SYSTEM AUDITS 

12.1 Not applicable. No formal certification program or relevant 
Interlaboratory performance evaluation study Is available or 
planned for these Compounds at the concentrations of Interest. The 
data from the preliminary validation study will Indirectly serve as 
the performance and system audits. 
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13. PREVENTIVE MAINTENANCE 

Not applicable — The system performance checks will show whether the 
participants' analytical systems are operable or not; the length of time 
necessary to do the required research does not warrant mandatory 
preventive maintenance programs. However, If any maintenance Is 
performed - during the time frame of the project - then, that 
maintenance must be documented. 
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14. SPECIFIC ROUTINE- PROCEDURES USED TO ASSESS 
DATA PRECISION, ACCURACY AND OUTLIERS 

14.1 Precision — The percent relative range (%RR) Is used to assess the 
/precision of the PAH measurements and Is calculated using Equation 
1 • 

Equation 1 % RR = 2 * Xi - Xg 

77^2 
100 

Where: |Xi • X2 Is the absolute value of the difference 
between the duplicate results 

The overall precision of the data set at the 95X confidence level 
Is calculated from the average of all the XRR values using Equation 
2. 

n 
Equation 2 FQ- = 2.51 * £ XRR. 

1=1 ^ 
n 

Where: %RR-| Is each Individual percent relative range 
n = the number of duplicates 

"F95 « 95X confidence level of the' average precision 
14.2 Accuracy — The accuracy of the data set Is determined from the 

analysis of the spiked samples. The accuracy for each PAH compound 
Is calculated using Equation 3. 

Equation 3 A = 100 (Z - 7) 

Where: Z - Is the analytical result In ng/L for the 
spiked sample 

7 - Is the mean background concentration from the 
duplicate results 

T - Is the true value of the added spike 

A - Is the recovery for the added spike 

The overall accuracy for each compound Is the arithmetic mean over 
all the spiked samples. Equation 4. 
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w 

n 
Equation 4 an 

i"l 
n 

Where: AiJ - is each recovery value for compound J 

n - is the number of spiked samples 

Tij - is the average recovery for compound J 

, The 95% confidence level for each mean recovery is computed using 
equation 5. 

^ Equation 5 CLgg « Tfj ± tfn-l,*^ « 0.05) • S 

Where: t(n-l, » 0.05) is the appropriate two tailed students' 
t at = 0.05 

S - is the standard deviation associated with 

CLgg - is the upper and lower 95% confidence 
limits of Aj 

14.3 Outliers — An outlier is an extreme value, high or low, which has 
questionable validity as a menber of the measurement set with which 
it is associated. Outliers may be rejected from the data set for 
the following reasons. 

14.3.1 A known experimental aberration occurred, such as instrument 
failure or there was an inconsistency in the procedure or 
technique. 

14.3.2 The t value for the datum i^ larger than the tabulated two 
tailed students' t for <= 0.05 at n-1 degrees of freedom. 
The t value is calculated using Equation 6. 

Equation 6 t » (Xi - T) 

Where: Xi - is the extreme value being tested 

T - is the mean of the measurement set for n 
observations 

S - is the standard deviation associated with 7 
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If a' value Is rejected, the mean (T) and standard deviation 
are recalculated using the remaining data. This procedure 
can be reiterated using the next extreme value until no. 
outliers remain. 
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15. CORRECTIVE ACTION 

15.1 Corrective action Is Initiated whenever the system Is out of 
control. The following criteria are used to Indicate out of 
control situations. 

15.1.1 The area of either d-8 naphthalene or d-10 anthracene 
Internal standard Is < 20,000 counts or the area of d-12 
chrysene Internal standard Is <10,000 counts. 

15.1.2 The recovery of a surrogate standard falls outside the range 
of R ± 3s when R Is the mean recovery and s Is Its 
associated standard deviation. This range Is from 70% to 
118% for 1-f1uoronaphtha1ene at the beginning of this study 
and should be update on a weekly basis. 

15.1.3 The percent relative range for a given analyte of a 
duplicate pair exceeds 40% and the range Is larger than the 
MDL for that analyte. This control limit Is calculated 
using Equation 2 but substituting 3.27 for the constant 2.51 
and should be updated after every fifth duplicate pair Is 
analyzed. 

15.1.4 The recovery for a spiked sample falls outside the range of 
Aj ± t(n-1, cL • .01)*S where t(n-1,<= 0.01) Is the 99% 
two tailed t value for n-1 degrees of freedom. This range 
Is from 48% to 118% at for all confounds the beginning of 
the study and should be updated for each compound after 
every fifth spike sample Is analyzed. 

15.2 If the out of control situation Is due to an Instrumental problem, 
the sample Is reanalyzed after corrective action Is completed. 
Results from the out of control analysis are discarded If the new 
analysis gives values that are In control. 

15.3 If the out of control situation Is due to other than Instrumental 
problems, all samples analyzed between the last In control and 
present out of control sample are declared suspect and should be 
reanalyzed to ensure the validity of the data. This Is just the 
out of control sample for the criteria In sections 15.1.1 and 
15.1.2, and all samples run since the last In control duplicate for 
the criterion section 15.1.3, and all samples run since the last in 
control spike sample for the criterion In 15.1.4. 

15.4 A log will be kept describing the out of control situations and the 
corrective action taken to remedy the situation. 
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16. QUALITY ASSURANCE REPORTS TO MANAGEMENT 

16.1 The analyst will identify and report any significant QA problems 
and recommend remedial steps to correct the problems. 

16.2 At the end of the study, a report will be made that identifies the 
frequency of out of control situations and the necessary corrective 
action, the overall precision and accuracy of the data set, and the 
individual outliers. 
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TABLE 1 

ANTICIPATED SAMPLING SCHEDULE 

Sample 
Set Source 

No. of Field 
Samples Blanks Duplicate Triplicate/Spike^ 

1 Wells (12) and existing 
treatment (6) 

18 1 1 1 

2 Wells (12) and bench 
test (6) 

18 1 1 1 

3 • Bench test 18 1 1 1 

4 Bench test 18 1 1 1 

5 Bench test 16 1 1 1 

6 Bench test 16 1 1 1 

7 Bench test 16 1 1 1 

8 Wells (3) and pilot 
test (4) 

7 1 1 1 

9 Pilot test 4 1 - -

10 Pilot test 4 1 1 1 

11 Pilot test 4 1 - -

12 Pilot test 4 1 1 1 

13 Pilot test 4 1 - -

14 Pilot test 4 1 1 1 

15 PIlot test 4 1 - -

16 Pilot test 4 1 1 1 

17 Pilot test 4 1 - -

TOTAL 163 17 12 12 . 

GRAND TOTAL 204 analyses 

3 One of the triplicates Is spiked at the lab to give the spiked sample. 
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TABLE 2 

TARGET COMPOUNDS FOR GO/MS ANALYSES 

Compound 

PNAs 

Acenaphthene 
Acenaphthylene 
Anthracene 
Benzo(a)anthracene 
Benzo(b)f1uoranthene 
Benzo(k)fluoranthene 
Benzo(g,h,i)perylene 
Benzo(a)pyrene 
Benzo(e)pyrene 
Chrysene 
Dibenzo(a,h}anthracene 
Fluoranthene 
Fluorene 
Indeno(1,2,3-cd)pyrene 
1-Methylnaphthalene 
2-Methylnaphthalene 
Naphthalene 
Perylene 
Phenanthrene 
Pyrene 

NITROGEN HETEROCYCLES 

CAS 
IONS 

Primary Secondary Source* 

83-32-9 154 153.152 E,N,R 
208-96-8 152 151,153 E,N,R 
120-12-7 178 179,176 E,N,R 
56-55-3 228 229,226 E,N,R 

205-99-2 252 253,125 E,N,R 
207-08-9 252 253,125 E,N,R 
191-24-2 276 138,277 E.N 
50-32-8 252 250,125 E.N.R 
192-97-2 252 250,125 A.S 
218-01-9 228 226,229 E.N.R 
53-70-3 278 139,279 E,N 
206-44-0 202 101,100 E.N.R 
86-73-7 166 165,167 N,R 
193-39-5 276 138',277 N 
90-12-0 142 141,115 A 
91-57-6 142 141,115 A 
91-20-3 128 129,127 E.N.R 
198-55-0 252 250,126 A.S 
85-01-8 178 179,176 E.N.R 
129-00-0 202 101,100 E.N.R 

Acridine 260-94-6 179 178,89 A.S 
Carbazole 86-74-8 -167 166,139 A.S 
Indole 120-72-9 117 90,89 A.S 
Phenanthridine 229-87-8 179 178,151 A 
Quinoline 91-22-5 129 102,128 A 
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Table 2. Continued 

Compound 

SULFUR HETEROCYCLES 

Benzo(b}th1ophene 

MISCELLANEOUS 

Biphenyl 
2,3-01hydro1ndene 
Indene 

AROMATIC AMINES** 

CAS 
IONS 

Primary secondary Source* 

95-15-8 134 135,89 A 

92-52-4 154 153,76 A 
496-11-7 117 118,91 A 
95-13-6 116 115,89 A 

* E - EPA QC Check Samples 
N - NBS SRM-1647 
• EPA Repository Radian 
- Aldrlch Chemical, Milwaukee, WI. 
- Sigma Chcn:1cal, St. Louis, Mo. 

R 
A 
c 

** Up to 3; to be chosen after first round of testing. 
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TABLE 3 

Compound 

NDL DATA FROM VALIDATION STUDY 
Critical 
F-Ratlpc 

Ipike Percent Std. h MDL 
"S/I-' Mean Recovery Dev. MDL° 8.94 4.76 (ng/L) 

25 20.4 82 1.54 4.8 
10 8.3 83 0.39 1.8 15.6 

1.3d 4 4.5 113 0.53 1.7 1.84 1.3d 

25 19.9 80 1.22 3.8 
10 7.4 74 0.39 1.8 9.78 

l.Od 4 4.3 107 0.36 1.1 1.17 l.Od 

25 18.1 72 3.99 12.6 
10 8.0 80 0.70 3.1 32.5 
4 3.3 83 0.10 0.3 49.0 0.3 

25 21.6 86 3.10 9.7 
10 10.9 109 1.00 4.5 9.61 
4 4.2 104 0.23 0.7 18.9 0.7 

25 22.0 88 2.81 8.8 
-

10 10.9 109 0.20 0.9 197. 0.9 
4 e e e e e 

25 19.9 80 2.66 8.4 
10 8.9 89 0.95 4.3 7.84 
4 2.4 59 0.32 1.0 8.81 1.0 

25 17.8 71 -5.48 17.2 
10 8.3 83 0.96 4.4 32.6 
4 3.4 86 0.32 1.0 9.0 1.0 

25 19.6 67 3.71 11.7 
10 9.5 95 0.50 2.3 55. 

l.Od 
•s. 

4 3.8 95 0.31 1.0 2.60 l.Od 
•s. 

25 19.7 79 2.78 8.7 
10 9.2 92 1.20 5.4 5.37 
4 2.5 63 0.44 1.4 7.43 1.4 

PNAs 
Acenaphthene 

Acenaphthylene 

Anthracene 

Benzo(b)fluor-
anthene 

Benzo(a}pyrene 

Chrysene 

D1benzo(a,h)-
anthracene 
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TABLE 3, Continued 

MDL DATA FROM^VALIDATION STUDY 
Critical 
F-Rat1oC 

Compound 
Splke^ 
ng/L® Mean 

Percent 
Recovery 

Std. 
Dev. MDL'^ 8.94 4.76 

MDL 
(ng/L) 

Fluoranthene 25 
10 
4 

23.1 
9.4 
4.1 

93 
94 
102 

2.33 
1.20 
0.26 

7.3 
5.4 
0.8 

3.77 
21.3 0.8 

Fluorene 25 
10 
4 

22.5 
7.6 
4.4 

90 
76 
109 

1.21 
1.00 
0.44 

4.2 
4.5 
1.4 

1.46 
5.16 1.4 

Indeno(l,2,3-cd)-
pyrene 25 

10 
4 

20.3 
8.8 
2.6 

81 
88 
64 

2.39 
0.90 
0.44 

7.5 
4.1 7.05 

4.18 •l.7d 

1-Methyl-
naphthalene 4.5 4.5 100 0.65 2.0 - m 2.0 

2-Methyl-
naphthalene 7.2 6.2 86 0.39 1.2 - - 1.2 

Naphthalene 25 
10 
4 

20.1 
9.3 
4.4 

80 
93 
110 

3.71 
1.40 
0.59 

11.7 
6.4 7.02 

5.63 1.9 

Perylene 4 3.1 78 0.31 1.0 - m 1.0 

Phenanthrene 25 
10 
4 

20.4 
9.8 
4.0 

81 
98 
101 

3.35 
3.00 
0.13 

10.5 
13.6 
0.4 

1.24 
56.3 0.4 

Pyrene 25 
10 
4 

24.0 
11.4 
4.4 

96 
114 
110 

2.31 
1.00 
0.29 

7.3 
4.5 
0.9 

5.34 
11.9 0.9 



Compound 
Spike 
ng/L° 
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TABLE 3, Continued 

MDL DATA FROM VALIDATION STUDY 

Mean 
Percent 
Recovery 

Std. 
Dev. MDL' 

Critical 
F-Rat1oC 

8.94 4.76 
MDL 

insZtl 

NITROGEN HETEROCVaES 

AcridIne 4 3.6 90 0.59 1.8 1.8 

Carbazole 4 3.7 93 0.34 1.1 1.1 

Indole 4 5.7 143 0.93 2.9 2.9 

Phenanthrldlne 4 4.0 99 0.46 1.4 1.4 

Quinollne 5.5 6.4 116 0.22 0.7 0.7 

SULFUR HETEROCYCLES 

Benzo(b}th1ophene 4 3.8 95 0.21 1 •
 

o
 0.7 

MISCELLANEOUS 

Biphenyl 4 4.0 100 0.22 0.7 0.7 

2,3-D1hydro1adene 4.3 3.5 81 0.43 1.4 1.4 

Indene 4.4 3.6 82 0.21 0.7 0.7 
Average 1.Z 

a) Seven replicates at 25 ng/L and 4 ng/L, four replicates at 10 ng/L. 
b) MDL = STD DEV* 3.143 at 25 ng/L and 4 ng/L; MDL = Std. Dev.* 4.541 at 10 ng/L 
c) Pool the two most recent MDLs 1f F-ratIo < critical value. 
d 
e 

Pooled result » pooled std dev* 2.718 
Coeluting contaminant present In this Iteration. 
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Figure 1. Relative Precision versus Concentration 
in the^Validation Study. 
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rU O \A •• nil I 205/834/2870 
V*n2jVl •• nlLL AAontgomery, Offlea 

807 South AAcDonough Straot 
Montgomory, Alabama 36104 

CUBIT 
SAMPLE NO. 
LOCATICN _ 

ANALYSIS 

PRESERVATIVE 
DATE BY 

Figure 2. Sample Tag for Purgeables Sample. 
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W/0 No. Page 

FISLO TBAdCING REPORT: 
(LOd-iNi 

FIELD SAMPLE CODE 
(FSC) 

BRIEF DESCRIPTION DATE TIME(s) SAMPLER 

• 

* 

• • 
a 

• 

r 1 • 1 1 

Figure 3. Field Tracking Report Form. 
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CHAIN OF CUSTODY RECORD 

SAMPLERS 

STATION STATION LOCATION 

SAANLSTVAS 

OATI TIMS 
sta 
Na 

NO. OA 
CONTAINSAS 

ANALTSIS 
AIOUINIO 

RaJinquishad by: Racaived by: Oata/Time 

Ralinquiahad by: Relinquished by: Oata/Tima 

Ralinquished by: Racaivad by: /*tm Oata/Tima 

Racaivad by: Racaivad by Mqbila Laboratory for field 
analysis: ISN-NIM 

Oata/Tima 

Oispatchad by: Oata/Tima Laboratory by: Oata/Tima 

Method of Shipment: 

Ons--A<es 

ICoM-fa r Ceuniiwemi AMM AMee 

Figure 4. Chain of Custody Report Form. 



June 23, 1<3P3 

^lln! Harris 
CH-JH Hill 
P.5. ?o* 20<»0 
*nw*uke«, W1 scows in S3201 

S««r Mike: 

I >»av« recel-ved the OA/HC dati that you have sent. This stmsary Is derived 
fro« the duplicate seeele and spiked sanple data contained In tliosc 
reports. The setirce and 1 at) nuaabers for the saaq>1» are given In 

The Cuallty Assurance Plan describes using the relative range fro»the 
duplicate sa«noles to obtain a swasure of the precision of the data^ 
vere 135 useful pairs of duplicate eeasorevents, four additional peirs 
reported with one of the results given as not detected. These four peirs 
were not used In this sasnary. The analyst's report notes that a na» 
technlclar was used to process saaoles 3507 K and J sod that the data 
obtained were not consistent with orevlcus duplicate results. As such, the 
precision data were treated with and without this saiieple. The result* are 
su»wBarl2ed in Table 2, The validation work Indicated that precision 
exhibited a dependence uoon the oincentratlon p* the analyte; tharrfcre, the 
data has beefl grouped into concentration ranees, Ho duplicate data was 
moorted for the 5 and 5 ring PAH analytes. 

The overall nrsclslon (95^ Caifldence Level) for the 2, 3, and 4 rine PAHs, 
be«2o(b)thl0Dhene, and dibenzoforan Is (123 duollcates). Similarly, the 
overall precision for the nitrogen PAHs Is ViX based on 1? duplicates. The 
nr^islon Improves to 17< for 113 duplicate observations for the ®AHs and 
35*! feif^ WxlytfcattWS^sei^atlons of the nitrogen PAHs when the 1? pairs 
from are reaoved from the data. Clearly the new 
'^ ̂ data. 

In any or excluding sample 3507 K _affd J, the overall data 
achieves the oa objectives for precision which Is a Pge of less than 30«, 
The results for the n1tro«3»n PAHs arc less precise than the results for the 
PAHs. 

Accuracy Is "jjeasured by the recovery from spiked sasu)les, Tnssjectlon of the 
individual recovery statistics indicates that only the 5 ring and 6 ring PAH 
analytes demonstrate recoveries di^ndent upon t^e spiking level. The 
generally low recoveries for these high molecular weight PAHs can be due to 
sdsorotlon on thw solids forced under the basic conditions of the extraction 
step. 

4rr/^>*^tr^rr 5 



The 3 Hrsg ?AHs, aniline, and l-«Rln1oraphthalen« are 
quItiksfiift^in^'^M^ to the rest of the data* See Table 3 and 

bF residual chlorine In s»»ole 3547 had a pronounced 
effect of the orlaary and secondary Mines. These five 
analytw gave an average recovery of In the Plymouth effluent saaple. 
The tertiary asrlnes gave an average recovery cf In this chlorinated 
effluent. 

Overall, the accuracy data Indicates that, taken as a vhole, the OA 
ehlectlve for accuracy Is beinq achieved. The average accuracy Is 77,5? 
(bias of -?2.St) for all recovery values. The accuracy for the 5 ring 
PABs, S ring PAHs and the orlwary aaiines does not achieve the objective for 
accjracy. The eethod Is biased low for these coaooonds especially vdien the 
true value in the actual sanples Is less than 5? opt. 

Table 4 lists the Indlvidbal recovery statistics for the analytes that give 
low recoveries when sulked Into the real saaoles. All other analytes 
exhibit good accuracy and gave recoveries 1« line with the recovery of the 
surrogate compound 1-fluoronaththalene. 

Sincerely yours, r 

tJenIs L. Foerst, Pesearch Chemist -^v 
Organic Analyses Section 
Physical and Chemical Wethods Branch 

Enclosures; (5) 
As Stated 

cc: yfke Kosakcwski w/enclosures 
Paul Elttsr w/enclosures 
Harold Cole w/enclosures 

CH^M Hill, *17 South WcPonough Street, Montgomery, Alabama 361(Vl 

EMSL:CT:DFoerst:plh;STC:nn.572;x73n:6/22/a3:431^ 

l?=i*SK 



r?t?rTin(!/»Tiof4 OF 0A/«r SAMPLES 

*o«irce DiioHcate Sanoles Solked 5»eolss not 

1Lf-4 3411 A and 3 -421 0 50 
SLP-4 3507 K and .1 1507 t en4 
J»lyB00th Eff. 1547 S and h 1^47 F 50^ 
huchar *••157 M.1S7 50 
SL?-a 1575 H and 1 1575 J 50 
SLP-15 1557 K and L 3557 M 500 
na 1755 J and 5 3755 1 500 
Tha 177a c and 3 3774 ^ 500 
tha 1303 F and 5 3503.M 500 
iha 3510 H and I 3519 J 500 

A*f«» technician involved with extractions 
''ChloHnated effluent 

Table ?. PERCEirr 9ELATm CO«riOE»CF LETEir 
"itntJS C^^CE^RATT'lS 

J f it ^ 

.,:Lii ^ 

r-lC'^ 1 to in 
m.i to 
'^,1 to 
-h.l tn l.tn 
lon.l fn ??n 
:r«n.i to 
^•"•c.l to ICQO. 

*'w^r of 
nrasllcates 

?? 
f; 
? 

11 
11 
U. 

Mtre^jWgp' 

1 to 10 ' 
T^.l to 1 
15.1 to =r; 1 
-.'^.1 to 1'^ 1 

Overall 11«^ 

'<>5 

r* 
41 
0-

i'i 

11 
11 
70 

''il 
;i-) 

•hasber of ^ 
Ooollcstes 

2? 
17 

e 

2 
16 
11 

9 
9 

m(S) 

15^ 

i<* 
25 
f 

13 
17 
11 
11 
on 

"1 

(17) 

10 

al lelete 12 na1r< fron o»:n7 v 3»y4 ,i 
b) Incl'i'1«»s •^en2o(h)tMoohsne and flteniofyran 



Tihte 3. 
«ig 

Cqwpottnd 

?,3.4 r1«g ?»AH«.l» 
5 r1iw 
5 Hna PAH^ 
6 ring 1>AH« 
6 ring ?*«*> 
Arninr«»i>.C 
1-A«1nor ;ioh thai ene**^ 
?«-Aarlnob1 ohmvl A fh »c 
S«ct»dary ao1n€8*»^»c» 
Tertiary ioloes'*^ 
1-Flwranaphtha1efwA 

Overall** ?36 

Of spiKEo sAsPies 

A 50 RSO IClgi; LCLQK 
n cutllers r^) a" M 

1«3 0 <ao.2 12.2 14 114 56 
20 0 24.0 14.0 58 53 .5 
20 0 53.6 3.4 13 81 46 
10 0 11.8 3.9 32 21 -* 
10 0 56.6 5.7 12 72 41 
7 1 37.4 10.1 51 S4 •0 
7 1 73.0 35.6 40 160 -14 
7 1 67.7 12.7 10 00 36 

17 3 .36.4 11.3 14 111 61 
2« 2 02.5 8.1 9 100 75 
10 n 31.8 7.0 3 108 7S 

15 77.5 

* 50 t»t splka 
500 ppt splJte 

c Ooes not Inclode Plywouth effluent 
^ Overall average does not Include 1»f1oorona«Jhtha1me 

Table 4. AP/H.yT55 SHOWISO LOV PfOTTCllES 

Cqaoound 
mmmmrnmmmmmmam 

B(bfik) f1i«ra«t»"fne® 
8wTo(a.te) pyrene* 
berylene 
Olbenro (a ,h) anthr ac ene® 
tnd< 
3eni 
Anil' F'^j'-• ^ 

1-A«1«efe1nlOM7l* 

50 ant 5C0 Wt 
i 5D 850 I iii 8SD 

27.0 10.2 38 6S.5 6.4 P 
22.? 12.8 56 54.? 6.5 10 
24.4 13.4 55 67.0 4.2 7 
21.3 21.5 op 53.5 5.7 1? 
12.8 4.1 5? 57.2 7.9 14 
10.8 4.0 37 5P.0 5.2 n 
36.7 31.0 87 3P.0 <.7 18 
57.0 37.3 56 77.5 33.2 51 
51.0 11 .S 1? 72.3 12.4 17 

^Flve samples eac*! at 5^ opt and 500 pot 
''"^re samples at 50 apt and 4 samples at 500 not. 





DATA: EPAQCTEST #1 
CALI: TUE032182A #1 

RIC I 
09/21/82 9:27:00 
SAMPLE: 
COHDS.:. 
RAHGE: G 1,1500 LABEL: H 0, 4.0 QUAN: A 0. 1.0 J 8 BA^r U 20, 3 

SCANS 800 TO 1300 

100.0-1 

RIC 

831 

.800 
6:40 

886 933 

977 

1067 

1036 J 

I ! ' 

1103 1131 

I i 

-| 
900 
7:30 

^ 
1000 
8:20 

"~l 
1100 
9:10 

1272 

) I 

1189 12151 

1240 

JU 
—1— 
1200 
10:00 

68352. 

0 
V 
2 
hi 
t 
* 

v_ 
t-

1300 SCAN 
10:50 TIME 



100.0 n 

50.0-

M/E 
100.0 

MASS SPECTRUM 
09/21/82 9827!00 + 8:53 
SAMPLE: 
CONDS.: 
#1066 - #1058 - #1053 

69 77 
51 

39 
A t-H-

57 
.1 . r«-h 

127 

50 

93 
f'Y M 
100 

0 

DATA: EPAQCTEST #1066 
CALl: TUE092182A #1 

198 

BASE M/E: 
RIC: 

198 
1168. 

1 148 161 179 , 
"I I" !'• . ''•I I' ? »-"i 't' '!' i" 

159 

206 . 

200 

3640. 

3640. 

50.0-
255 

275 

442 

M/E 250 

296 
I 323 334 

T—I——r-i—r 
350 

423 
T^-i—^—r-T—• I I 1 • t • I—r 

409 
T"'' ii ' 

450 



RIC : 11 . DATA: 3421GBf4 #1 
09/21/82 12:07r00 CALIi TUE032182A #I 
SAMPLE: FIELD BLAHK #2 FINAL UOLa20 HL IS SPIKE=20 NG 180 MLS OF CH2CL2 
CONDS.:. 
RANGE: G 1/4400 LABEL: N 0/ 4.0 QUAN: A 8/ 1.0 J 0 BASE: U 20/ 3 

SCANS 200 TO 4400 

100.0-1 

RIC 

' ' I ' 
500 
4:19 

r-T-T-
1000 
8:20 

' I ' 
1500 
12:30 

' I ' 
2000 
16:40 

I I ' 
2500 
20:50 

' ' I ' 
3000 
25:00 

1067000. 

I ! 

vii 
I ( 

1-

35 
29 

xJi/v 
-I—I—r 

100 
:10 

T 1—I—I—I 
4000 
33:20 

SCAN 
TIME 



!i 

RIC li . DATA* 3421GBH #1 
03/21/82 12:07:00 CALI: TUE092182A #1 
SAMPLE: FIELD BLAMK #2 FIIIAL UOL=20 UL IS SPIKE=20 NG 180 MLS d- CH2CL2 
COHDS.:. i: 
RAHGE: G 1/4490 LABEL: H 0/ 4.0 QUAH: A 0/ 1.0 J O BASE: U 29/ 3 

SCANS 300 TO 1350 

100.0-1 

RIC 

119S 

1157 
I 

232960. 

1— 
400 
3:20 

-1 
600 
5:00 

n— 
800 
6:40 

1000 
8:20 

—I 
1200 
10:00 

SCAN 
TIME 



100.0-1 

RIC !! , DATA: 342iGBN #1 
09/21/82 12:07:00 CALI:, TUE092182A #l 
SAMPLE: FIELD BLANK #2 FINAL UOL=20 UL ISi SPIKE=20 NG 180 MLS OF; CH2CL2 
CONDS.: • :! 
RANGE: G 1>4400 LABEL: H 0. 4.0 QUAN: A 0, 1,0 J 0 BASE: U 20, 3 

1 OOD 

SCANS 1350 TO 2400 

RIC 

1781 

1838 1889 1354 

i i 

i I 

2302 

2S8800. 

—1 
2400 SCAN 
20:00 TIME 

T 
1400 
11:40 

1600 
13:20 

1800 
15:00 

f 
20€»0 
16:40 

2200 
18:20 



100.0-1 

RIC li , DATA! 342iGBH #2954 
09/21/82 12:07:00 CALIi TUE092182A #1 
SAMPLE: FIELD BLANK #2 FINAL UOL==20 UL IS SPIKE=20 NG 180 MLS OF CH2CL2 
CONDS.! 
RANGE: G L4400 LABEL: N 0, 4.0 QUAH: A 0. 1.0 J O BASE: U 20; 3 

;! 2969 ' 

i i 

SCANS 2400 TO 3450 

RIC 

2517 2666 2812 
A>. i?22 A A 2896 

3165 

24 00 
20:00 

—I 
2600 
21:40 

"HI 
2800 
23:20 

—,— 

3000 
25:00 

"n— 
3200 
26:40 

) i 

1067000. 

—I— 
3400 
28:20 

^3 

"V 

fo 

SCAN 
TIME 



I: 

100.0-

RIC 

RIC : |! DATA: 3421GBN #2954 
09/21/82 12:07:00 CALI: TUE092182A #1 
SAMPLE: FIELD BLANK #2 FINAL UOL=20 UL IS SPIKE=20 HG 180 MLS OF CH2CL2 
COHDS.: 
RANGE: G 1.4400 LABEL: H 0. 4.0 QUAN: A 0. 1.0 J 0 BASE: U 20. 3 

3513 

SCANS 3400 TO 4400 

714752. 

3449 

r|, 
r 

•0 
I 

-n 

3832 

3695 3764 3827 
3901 

4149^ 4294_A>???! 435Q 

3400 
28:20 

-n— 
3600 
30:00 

—J 
3800 
31:40 

4000 
33:20 

—I 
4200 
35:00 

—I 
4400 SCAN 
36:40 TIME 



100.0n 

50.0-

f1/E 

36 

MASS SPLCTRUM DATAJ 3421GBH #101? 
03/21/82 12:07:00 + 8:28 CALIt TUE092182A #1 
SAMPLE: FIELD BLANK #2 FINAL UOL=20 UL IS SPIKE=20 HG 189 MLS OF CH2CL2 
CONDS.: 
#1017 - #1007 - #1028 

59 

'I'll 1 
40 

y 
'III 

63 

T 
60 

89 

87 

-r-y-r-T-

80 
X 1 

120 

BASE M/E: 142 
RIC: 2644. 

142 

147 

140 

155 
1*1 I 

658. 

'•y 
M 
"O 



j 

1.4-

228 

RIC + MASS CHROMATOGRAMS , DATA: 342iGBN #1017 
03/21/82 12:07«00 CALI: TUE032182A #1 , 
SAMPLE! FIELD BLANK #2 FINAL VOL«20 UL IS SPIKE=20 NG 180 MLS OF CH2CL2 
CONDS.! I 
RANGE! G 1.4400 LABEL! H 0. 4.0 QUAH! A 0. 1.0 J 0 BASE! 0:20. 3 

3035 3106 

SC^NS 3000 TO 3200 

100.0-

240 

RIC 

3000 
25i00 

3077 r' 

3083 

• ; 1 

; :i-
• ! i 
! i i 

: i i : 
•iiN! 
I •• I i ! 1 

I 

——1 

3143 3153 3163 
T 

3165 

3053 3^ 

—I 
3050 
25! 25 

T 
3100 
25! 50 

T 
3150 
26! 15 

I• I 

26. 

228.068 
1 0.500 

1834. 

240.072 
1 0.500 

214528. 

3200 SCAN 
26:40 TIME 

• [ 



CH2MBH1LL 
ANALYTICAL REPORT 

PAH, N and S Heterocyclic Compounds 

Sample Identification Field Blank 2 

Date Received 9/16/82 

Date Analyzed 9/21/82 

Lab # 

Date Extracted 

3421G 

9/17/82 

Compounds MDL^ 
2 

Cone Compounds MDL^ Conc^ 
ng/l ng/l ng/l ng/l 

2,3-Dihydro-1-lndene 1.4 BMBt Acridine 1.8 BMDL 

IH-lndene 1.0 BMDL' Phenanthridine 1.4 BMDL 

Naphthalene 1.9 1.9 O'.B Carbazole 1.1 BMDL 

Benzo (b) th iophene 1.0 BMDL Fluoranthene 1.0 BMDL 

Quinoline 1.0 BMDL Pyrene 1.0 BMDL 

Indole 2.9 BMDL Benzo (a) anthracene 1.0 BMDL 

2-Methylnaphthalene 2.0 BMBt i,e- Chrysene 1.0 BMDL 

1 -Methy Inaphthalene 1.2 BMDL Benzo(b 6 k}Floranthene 1.0 BMDL 

Biphenyl 1.0 BMDL Benzo(a 6 e)pyrene 1.0 BMDL 

Acenaphthylene 1.0 BMDL Perylene 1.0 BMDL 

Acenaphthene 1.3 BMDL Indcr.cCI ,2,3-cd)pyrene 1.7 BMDL 

Fluorene 1.4 BMDL Dibenzo(a,h)ahthracene 1.4 BMDL 

Phenanthrene 1.0 BMQL 0,4- Benzo (g,h,i} perylene 1.0 BMDL 
Anthracene 1.0 BMDL 

Percent Recovery of 1-Fluoronaphthalene = NA 

1 MDL s Method Detection Limit 

^BMDL s Below Method Detection Limit 

•3 G -'o 



CH2MaHlLL 
LABORATORY WORKSHEET 

St. Louis Park Project 

I. SAMPLE INFORMATION; Date Received by/^^OlLab ^ .-^42/ 

Condition of Sample: - ArJ. 

Labe led: . 4il/jL AluJ^. Sealed 
-f 

II. SAMPLE EXTRACTION: Date Extracted ^//-pjfz. Extracted by IA/L/-^ 

Volume Extracted — Final Vol. of Extract__ AOnU 

Surrogate Spike Concentration — 

Extraction Difficulties .— 

III. SAMPLE GC/MS ANALYSIS: Analyst- 4^<L Analysis Date 3hdt 
Internal Standard Spike Concentration 

IIOO v/(9 iW 

-cSSiy. 

Comoounds 

PAH, N and S Heterocyclic Compounds 

QM Scan Area 

Dg-Phenol (IS) _39 
2,3 -Dihydro- IH-Indene 117-
IH-Indene. .><.1161 
Dg-Naohthalene (IS). . 7Sn 
Naphthalene 123 
1-Fluoronaphthalene (S) 146 
Benzo (b) Thiophene 134 
Ouinoline. 129 
Indole ..............117 

^33*7/ 
(1 

O'OU 

Mt£ 

JSLU 2-Methylnaphthalene 142 
1-Hethy Lnaphthalene .142 1 /051 
2"-rT.ubfbbiphenyl (IS) ^ 
Biphenyl • • -X -1^ 
Acenaphthylene 
Acenaphthene 

(fll 

,152 
mil 

,154 
Fluorene"-. .... 
Phenanthrene . . . 
D^p-Anthracene (IS) 
An&racene .... 

. -166 
178 [ IJO-ZU 

,178 
Acridine 179 
Penanthridine. . . .' 179 

SJJL3L 

Al±lSs. 

if. sai. 

JLn 

C>'03 

^ j 1 •'' 



v. f 

Compounds 

Carbazole 
Fluoranthene . . . 
Pyrene . 
BenzoTaTanthracene 
D,^-Chrysene (IS), 
cAiy, sene 
Benzo(b)Fluoranthene 
Benzo(a)pyrene . . 
Perylene 
Indeno(1,2,3-Cd)Pyrene 
Dibenzo(a,h) emthracene 
Benzo(g,h,i)Perylene . 

QM Scan 

,167 

Area 

.202 

.202 

.228 

.252 

.252 

.276 

.278 

.276 



CALCULATION WORKSHEET *—3^a| ̂  

Dg-?henol (IS) 

7,3-Dihydro-lH-Indene.- P ^0 ^ 0.-T* f 0.1 ((*• 

IH-Indene-

Do-Naphthalene (IS) ° 

Naphthalene QMiT Y- O-O - 3,1 
(.*#r 3L.O 

1-Fluoronaphthalene (S) 

Benzo(b)Thiophene - - - — 

Quinoline- - -------

Indole — — 

2-Methylnaphthalene ^ 

1-Methvlnaphthalene 0,0*\ i<AO £?. ̂ 5 

2-Fluorobiphenyl (IS) 

Biphenyl- — — — — - . 

Acenaphthylene- -------

Acenaphthene———— - — — 

Fluor ene — — — 

Phenanlrhr^ne 
1.(0 X2.0 

D^Q-Anthracene (IS) 

-r-3 



* » ' * 

Anthracene-

Acridine - -

Penanthridine 

Carbarole 

Fluor an thene- ------

Pyrene 

Benzo(a)anthracene —— 

Chrysene- — 

Benzo(b)Fluoranthene-

Benzo(a)pyrene - - — - -

Perylene- — - — 

Indeno[1,2,3-Cd)Pyrene-

Dibenzo(a,h)anthracene-

Benzo(g,h,i)Perylene 



if. 
RIC I 
09/21/82 14i0l!00 

DATA: 3421AeH #1 
CALI: TUE092182A ffl 

SCAHS 300 TO 4400 

SAMPLE: FINAL VOLUrC=100 OL IS SPIKE=120 NG 
CONDS.: 
RANGE: G L4400 LABEL: N 0. 4.0 QUAH: A 0, L0 J O BASK: U 20, 3 

100.0n 

RIC 

iM )LLi4wJliL»J IU4-J LIM iXv'l ̂ I^A^XAJLJUJILJ 

414?20. 

T—I—I—I—I—I—I—r 
500 1000 
4:10 8:20 

T—I—I—I—r 

1500 
12:30 

T T ' I ' 
2500 
20:50 

T—I—r 

3000 
25:00 

' I ' ' 
3500 
29:10 

2000 
16:40 

-1—I 

4000 
33:20 

SCAM 
TIME 

I . (--



100.0-

RIC 1 . DATA! 3421ABH #i 
09/21/02 14s0l!00 CALl! TUE092182A #1 
SAMPLE: FINAL UOLUME=100 UL IS SPIKE=120 NG 
COHDS.: 
RANGE! G 1,4400 LABEL: N 0, 4.0 QUAH: A 0, 1.0 J 0 BASEi U 20, 3 

432 

SCANS 300 TO 1350 

RIC 

521 

480 

wU 

414720. 

-4 
I 

'V 

w> 

-]— 
800 
5:00 

400 
3:20 

-1 
800 
6:40 

"~1— 
1000 
8:20 

—1 
1200 
10:00 

SCAN 
TIME 



100.0-

RIC ) DATA: 342iABN #1 
09/21/82 14:01!00 CALIi TUE092182A #1 
SAMPLE! FINAL UOLUME=100 »JL IS SPIKE=120 NG 
COHDS.!. 
RANGE: G 1,4490 LABEL: N 9, 4.9 QUAH: A 9, 1.9 J 0 BASE: U 29, 3 

1658 

SCANS 1350 TO 2400 

2316 

1894 

114816. 

1976 

J^rAAj^ 

\ 

X 
Tf 

'r> 

-n— 
1600 
13:20 

•~T 
1800 
15! 00 

~-T 
2000 
16i40 

—1 
2400 SCAN 
20:00 TIME 

1400 
11:40 

2200 
18:20 



RIC I , DfiTAj 3421ABN #1 
09/21/82 14J 01s 00 CAHS;TUE092182A #1 
SAMPLE; FINAL VOLUMEsl00 UL IS SPIKE=120 NG ; 
CONDS.s. ! , , 
RANGE: G 1,4400 LABEL: N 0, 4.0 QUAH: A 0, 1.0 J 8 BASE: U 20,i 3 

SCANS 2400 TO 3450 

100.0-

RIC 2961 

2524 

U/^ 

3168 

3099 

173712. 

3219 

2400 
20:00 

—I 
2600 
21:40 

-~T 
2800 
23:20 

I 
3000 
25:00 

_j 
3200 
26:40 

—J 
3400 
28:20 

SCAN 
TIME 



SCANS 3450 TO 4400 

100.0-1 

RIG I! , DATA: 3421ABN #1 
03/21/8214:01:00 CALI: TUE092182A #1 ;| 
SAMPLE: FINAL UOLUME=100 UL IS SPIKE=120 NG 
COHDS.:. ! 
RANGE: G 1.4400 LABEL: N 0. 4.0 QUAN: A 0. 1.0 J 0 BASE: U 20. 3 : 

3513 

RIG 

3582 3665 
3766 3^2 3Sf04 3956 

288256. 

41,55 ^210 4354 

~n— 
3600 
30:00 

•—T 
3800 
31:40 

—1 
4200 
35:00 

4000 
33:20 

I 
4400 SCAN 
36:40 TIME 



il 

2.2-

228 

100.0-

240 

RIC 

RIC + MASS CHROMATOGRAMS , DATA: 342iABH #1 
03/21/82 14:01:00 ^ CALI: TUE032132A #1 
SAMPLE: FINAL UOl LIME=100 UL IS SPIKE=120 NG 
CONDS.: 
RANGE: G 1.4400 LABEL: N 0/4.0 QUAN: A 8. l.O J A BASE; U 20.. 3 

3097 

SCANS 3000 TO 3200 

^3120 J^132. ̂ . 3L49, . , 3167 

3168 

3021 3038 3063 

3093 

53. 

228.068 
± 0.500 

2384. 

240.072 
± 0.500 

A 
I 

TV 

3133 

179712. 

T—: 1 r ~~1 
3050 
25:25 

—I 
3100 
25:50 

3000 
25:0€ 

3150 
26:15 

3200 SCAN 
26:40 TIME 



100.0-

50.0-

50.0-

^tASS SPECTRUM 
09/21/82 14:01:00 + 30:00 
SAMPLE: FINAL UOLUME=100 UL IS SPIKE=I20 HG 
CONDS.: 
#3801 - #3594 - #3594 

69 

DATA: 3421ABN #3601 
CALI: tllE092182A #1 

BASE M/E; 69 
RIC: 2608. 

•H/E 

M/E 40 
100.0-

115. 

115. 

t 

•-X 



CH2MKH1LL 
ANALYTICAL REPORT 

PAH, N and S Heterocyclic Compounds 

Sample Identification SLP-4 

Date Received 9/16/82 

Date Analyzed 9/21/82 

Lab # 

Date Extracted 

3421A 

9/17/82 

Compounds MDL^ Conc^ Compounds MDL^ Conc^ 
ng/l ng/l ng/l ng/l 

2,3-Dihydro-1-lndene 7.0 110 ijiA—'^Acridine 9.0 BMDL-

IH-lndene* 5.0 Phenanthridine 7.0 BMDL'" 
Naphthalene 9.5 12-^ Carbazole 5.5 41 
Benzo(b) thiophehe 5.0 120 Ito' Fluoranthene 5.0 BMDL 
Quinoline 5.0 BMDL' Pyrene 5.0 BMDL 

Indole 15 BMDL^ (2) 1 Benzo(a)anthracene 5.0 BMDL 

2-Methy 1 naphtha lene 10 BMDL ^ Chrysene 5.0 BMDL 
1 -Methy Inaphthalene 6.0 20^(&- Benzo(b & k)Floranthene 5.0 BMDL 

Biphenyl 5.0 18" Benzo(a & e)pyrene 5.0 BMDL. 
Acenaphthylene 5.0 5.6" Perylene 5.0 BMDL 
Acenaphthene 6.5 140 '3^* indena(1,2,3-cd)pyrene 8.5 BMDL 
Fluorene 7.0 18" Dibenzo(a,h)anthracene 7.0 BMDL 
Phenanthrene 5.0 33"^^ Benzo {g, h, i) pery lene 5.0 BMDL 

Anthracene 5.0 BMDL a.f 

Percent Recovery of 1-Fluoronaphthalene = 92% 

1 MDL = Method Detection Limit 

BMDL = Below Method Detection Limit 

*lnterferring ion present 



LABORATORY WORKSHEET 

St. Louis Park Project 

CH2iV\aHiLL 

r. SAMPLE INFORMATION; Date Received byy/<gglLab ir.^4±l 4 

Condition of Sample: 

Labeled: SLP- 4- Sealed 

II- SAMPLE EXTRACTION: Date Extracted <^//7/f2. Extracted A/tTP/WU4 

Volume Extracted J<7^<^ynLiay Final Vol. of Extract 16 Q 

Surrogate Spike Concentration 

Extraction Difficulties J/AJ 

III. SAMPLE GC/MS ANALYSIS; Analyst. |4gc> Analysis Date 

Internal Standard Spike Concentration A 100 -

PAH, N and S Heterocyclic Compounds 

Comoounds QM Scan 

Dg-Phenol (IS) 99 
2v3^Dibydro-lH-Indene *rll7. 
IH-Indene. . . J . ' >rll6' 
Dg-Naphthalene (IS} 
Naphthalene ^.,128 
1-Fluoronaphthalene (S) 146 
Benzo (b) Thiophene -^vlSA 
Ouinoline. 129 
Indole 117 
2-'Methy Inaphthalene *^142 
1--Methylnaphthalene ^142 
-2-Pluorobiphenyl (IS) S[^2 

.... Biphenyl . . . 
Acenaphthylene 
Amenachthene . 

.-*<152 
^54 

.Xl^ •Flucrene"-
Phenanthrene A.TTa 
D"^Q-Anthracene (IS) 3188 
Anthracene 178 
Acridine 179 
Penanthridine 179 

A -ZM Awx. C - 5. Sj 

Area 

33 
an 
JLOL 

TPT 

l£saL. 
Mkz. 

If^Zr 
JLMz. 

'jyHs 

42^ 1 

iZZZil 
/Q 

IM& 

£h2t± \n > 

"gWo' 

± nx*4 
Y?3y 

36>t4<a 
7^ /Ty-
4S-L2^ 

Llil 
(hTzT 
Mz: 
lO-Z.g' 
0-5^ 

fTQ7 \ .•* •' 
,3^' 



Comnounds Scan Area 

Carbazole 2L,IH^ O.T( 
Fluoranthene Q'O^ . 
Pyirsns . . .*^.202 1 
Benzo(a)anthracene ' >^o- > 0 . CO-X ^ 
D -Chrysene (IS) f?S's-<r 
Cnrysene , . . . .228 po,co'}yis> 
Benzo(b)Fluoranthene . . . , 
Benzo (a)pyrene . . .X2S2 2hcx. <? .cj.\G 
Perylene ? . . , . . .5^252 6: 
Indeno(1,2,3-Cd)Pyrene . . , i/37 
Dibenzo(a,h)anthracene . . //nt 
Benzo(g,h,i)Perylene ... . . .X:.276 5-7C/ 



CALCULATION WORKSHEET 
LftB • 3^ai fi-

Dg-Phenol (IS) 

2,3-Dihydro-lH-Indene-- ^ 

IH-Indene .... ft-\0 itl^P ~ ff*°' 
O^tg -f-XHsS 

Dg-Naphthalene (IS) 

.. 0-^1 = /:> p?'^ 
(.us- y (»15-S- ' 

Naphthalene -----

l-Fluoronaphthalene (S) 0 3'? X M ^ 
/•02. >t 5^^? 

Benzo (b)Thioohene zr 
^>.<^1 XWisrs^ 

Quinoline' 

Indole• 

2-tMethy Inaphthalene 

1-Methylnaphthalene--

o.to yyzg 

— ^>36 x>2.^ 
hot ^ 

2-Pluorobiphenyl (IS) 

Bipheny 1 — — — -

Acenaphthylene • 

P.Zif jUTLO 
\.3i 

X/qo 

Acenaphthene———— - — — 

Fluorene' 

Phenanthrene-

y/?-o 
1.11 

MO 

: ao fP* 

13^?^ 

r s.h 

n^s- pf^ 
r 

- 33 pp"^ 

D^Q-Anthracene (IS) 

^-.21--4 



Anthracene------- , 
(.3.6 

-

Acridine ----- — 

Penanthridine 

Carbazole — -

Fluor an thene— - —-

Pyrene — - — — — — 

\ 

DHH % M . 
|.M «f SS' 

K\i,^ 
|.os" ^ i-'is-r 

Benzo(a)anthracene 

f. 10 << 

.C0443 /i.o 

Dj^2"*^^^sene (IS) 

Chrysene 

Benzo(b)Fluoranthene- -

Benzo (a)pyrene----- -

Perylene— . 

Indeno(1,2,3-Cd)Pyrene-

— tOoitS" f2.d ^ o* I! 
i-SI-

Dibenzo(a,h)anthracene -

0.^6 

Benzo(g,h,1)Perylene 

/.fi-r 

g>^OXi^(0 \t /AO 
l.icr 

oX3b A fXO 

/xo 
/.fSiT 

OiO^ ixo 

7/6 3 

/.8s:?-

/,ri> 

y 



€>^ 

y • 

hf A/u^h '^) 

<S>K. 

- /Sec"?. 

dn\&*^' 

B\,F 

>3-. A 
CU^ • 

fjj^ L,Ltji 

TSif' r* 

?63-

GA^ I (so^ %iA 

9^^ (^eo^D 

3151^ 

Jcffc 

ra 3 

§/i^ 

jjff 

£2) 
£P 

/77?3 

Oft 

. 

(^O.l 

(Jo./fe J 

- y^ffSS" 

^*ic(yv^Jt 

aJ*</v.d •• 

^ /' S^C ^ 

arff^^. /.3 

^3 

-/3 



, DATA: EPAQCTEST #1 
CALl: FRie92482A «2 

RIC : i; 
09/24/82 8:57:00 
SAMPLE: 
CDHDS.:. 
RANGE: G 1;1500 LABEL: H B, 4.0 QUAH: A 0; 1.0 J 0 BASE: U 20. d 

SCANS 800 TO 1300 

100.0-1 

RIC 

800 
6:40 

m? 

BENZIDINE^) 

PCP=> 

966 

848 878 922 

1048 

<=DFTPP 

900 
7:30 

""T 
1000 
8:20 

1027 

1213 

1081 
—I 
1100 
9:10 

il30 1167 
"1 
1200 
10:00 

52352. 

1300 SCAN 
10:50 TIME 

1 
CL 
I 

n 

ro 



MASS SPECTRUM 
09/24/82 8«57J00 + 8:43 
SAMPLE: 
COHDS.: 
#1047 - #1043 - #1043 

DATA: EPAQCTEST #1047 
CALI: FRI092482A #2 

BASEM/E: 198 
RIG:! i 21280. 

100.0n 
KS 

198 . 1-

/ 69 77 

50.0- 51 

39 
U 

57 
' t'' I • t I 'I 'I 

ft' 

127 

81 M 

0 

135 

M/E 50 100 
-r-r-7 

150 

167 179 
i86;i 

T—r—r •+^ \ 

206 

224 

U-
200 

40' 7 
442 

50.0-
255 

> 

275 

^ % • 

M/E 250 

L T—'—r Jk. 1—'—r 
296 

300 

323 334 
' I '•—r—^ ' ' I 

350 
I ' I—f-T 

423 
—J—l 1 • I • • I I ||""I p-
400 450 

2640. 

i 

2640. 



RIC j , DATA! 3421PBH #1 
03/24/82 11:08!00 CALIt FRI032482A «2 
SAMPLE: SLP-15 WELL-HEAD VOL EXT'D=1940MLS FIHAL VOL=400 UL IS SPIKE=400 
COHDS.! 
RANGE: G 1,4500 LABEL: H 0, 4.0 QUAN: A O, 1.0 J 0 BASE: U 20, 3 

SCANS 300 TO 4500 

100.0-1 

RIC 

yWv 

221636. 

•<3 
ro 

, * 
( ' ' 

560 
4:10 

T T 

1000 
8:20 

' I ' 
1500 
12:30 

T-TT-r 
2000 
16:40 

' I ' 
2500 
20:50 

n—I—T-
3000 
25:00 

' I • ' ' ' I • 
3500 4000 
23:10 33:20 

T-1 
4500 SCAN 
3?:30 TIME 



li 
14 

100.0-1 

RIC . DftTAs 342iPBH #1 
09/24/82 11:08*00 CALI: FRI092482A #2 
SAMPLE: SLP-15 WELL HEAD MOL EXT'D=1940MLS FIHAL VOL=400 UL IS SPIKE=400 
COHDS..:. 
RANGE; 0 300.1^50 LABEL: N 0, 4.0 QUAH; A Q, 1.0 J 0 BASE; U 20, 3 

SCANS 300 TO 1350 

RIC 

702 

VArvJ 

221696. 

\ 
CL 
I 

1 
400 
3:20 

"1 
600 
5:00 

-1 
800 
6:40 

1000 
8:20 

-n— 
1200 
10:00 

SCAN 
TIME 



100.0-1 

RIC I . DATA: 3421PBH #1 
09/24/82 11:08:00 CALI: FRI092482A #2 
SAMPLE: SLP-15 HELL HEAD VOL EXT'D=1940riLS FINAL VOL=400 UL IS SPIKE=400 
CONDS.: 
RANGE: 01350/^400 LABEL: N 0/ 4.0 QUAN: A 0/ 1.0 J 0 BASE: U 20/ 3 

J 
1G87 

SCANS 1350 TO 2400 

RIC 
J 
1407 

1548 

L 1608 

198912. 

"~T 
1600 
13:20 

—I 
1800 
15:00 

1400 
11:40 

2000 
16:40 

2200 
18:20 

2400 SCAN 
20:00 TIME 



RIC ii • DATA: 3421PBN #1 SCAMS 2400 TO 3450 
09/24/82 11:08:00 CALI: FRI092482A #2 
SAMPLE: SLP-15 WELL HEAD UOL EXT'D=1940MLS FINAL VOL=400 UL IS SPIKE=400 
COHDS.* 
RANGE:'G L4500 LABEL: N 0, 4.0 QUAN; A 0, 1.9 J 9 BASE: U 20. 3 

100.0-1 3209 

RIC 

2591 

42368. 

3384 
3258 

2400 
20:00 

2600 
21:40 

—I 
2800 
23:20 

—1 
3000 
25:00 

—I 
3200 
26:40 

—I 
3400 
28:20 

SCAN 
TIME 

( 
(L 
X 
•v 
fr* 



Ric ; I 
09/24/82 11*08!00 

i 

100.0-

, DATA: 3421PBH #1 SCANS 34 
CALI* FRI092482A #2 

SAMPLE: SLP-15 WELL HEAD UOL EXT'Dsl940MLS FINAL UOL=400 UL IS SPIKE=400 
COHDS.! 
RANGE: G 1,4500 LABEL: N 0, 4.0 QUAN: A 0, 1.0 J 0 BASE: U 20, 3 ' 

3554 

4^0 TO lUo 

RIC 

3519 L .3823 . ^2 39M/V 4979 ila 

141056. 

r< 

, 

3600 
30:00 

—T 
4000 
33:20 

—T 
4200 
35:00 

H r r 
3800 
31:40 

—I 
4400 
36:40 

SCAN 
TIME 



109.0-1 

50.0-

MASS SPECTRUM DATAs 3421PBH #431 
03/24/82 li108:00 + 3:3b CALI: FRI092482A #2 
SAMPLE: SLP-15 WELL HEAD VOL EXT'D=1940MLS FINAL UOL':400 UL IS SPIKE=400 
CONDS.: 
#431 - #423 - #423 TO #424 

91 

39 
58 

r-i I'l f 

51 

.41 
11 11 I 11 

M/E 40 

63 
65 ?9 

74 
77 

t I 11 11 lu 
50 60 70 

r 
80 

iU 
103 

BASE M/E: 117 
RIG: 174592. 

115 

90 100 

44032. 

110 120 



100.0-1 

50.0-

M/E 

:! 

MASS SPECtWM DA I A: 3421PBH #790 
09/24/82 li:08«00 + 6:35 CALIJ FRI092482A #2 
SAMPLES SLP-15 HELL HEAD I'OL EXT'D=i940HLS FINAL UOL'=4e0 UL IS SPIKE=400 
CONDS.s 
#790 - #776 - #776 

BASE M^ 
RICs 

I I 

128 

64 

43 51 

39 

41 

45 a. 

59 

53 

75 

70 

4 

77 
91 

83 6 

4 

102 

99 

94 

40 69 80 
U 

120 

T*T 

100 120 

128 
8752. 

918. 

146 

131 I 

137 li -r* 
1401 

a 
I 

rx 
•i 
rr 



100.0-1 

MASS SPECTRUM DATA; 3421PBN #811 i BASE M/E: 
09/24/82 ll!08!00 + 6;45 CALIi FRI092482A #2 RIG; 39 
SAMPLE; SLP-15 WELL HEAD UOL EXT'O=1940MLS FINAL V0L=400 UL IS SPIKE-400 
CONDS.: 
#811 - #803 - #817 

134 • 

134 
360. 

I2624. 

50.0-

• i 

I I 

M/E 
4 

89 
63 

67 
39 45 

50 
58 74 82 

47, 54 
+4-ri-

71 
93 
I I 

108 

40 60 80 00 120 
'-T 
140 

145 L 
I I ' I \r 



100.0-1 

58.0-

M/E 

MASS SPECTliJUM DATA: 3421PBN #919 | BASE M/E: 129 
09/24/82 11108:00 + 7:89 CALI: FRI092482A #2 i RIC: 1278. 
SAMPLE: SLP-15 WELL HEAD UOL EXT'D=1940MLS FIHAL UDL=400 UL IS SPIKE=400 
CONDS.; 
#919 - #913 - #913 ! 

129 I ' 

35 

40 

37 

40 

51 

47 
T*'T 

53 
TW 

62 71 

1 
60 

at 
74 

102 

86 
84 

78 
82 

80 

98 

,89 , l,L .1, 
93 

100 

105 111 

120 

120 

144 

141 

133 
-rL 

140 

149 

292. 



100.0-1 

50.0-

M/E 

MASS SPECTRUM DATAs 342iPBN «1244 
03/24/82 11J08!00 + 10:22 CALIJ FRI092482A #2 
SAMPLE: SLP-15 WELL HEAD UOL EXT'D=1940MLS FINAL UOL=4(:0 UL IS SPIKE=400 
prjun? • 
#1244*- #1236 - #1236 

76 

51 

39 

T I ' 
41 48 

t t -I I T 
40 

63 

5S 
111 1 

60 

I 69 
Wi-

87 
102 

T 
80 

-r-t-t 

128 

100 
t 
120 

BASE M/E: 154 
RIG: 49536. 

rr-
140 

147 
I I •! 

r 12784. 

160 



100.0-1 

50.0-

MASS SPECTRUM , DATA: 3421PBH ftl407 
09/24/82 li«08:00 + ilt43 CALIi FRI092482A #2 
SAMPLE: SLP-15 WELL HEAD UOL EXT'D=1940MLS FIHAL UOL=400 UL IS SPIKEM00 
COHDS.: 
#1407 - «1396 -#1413 

50 
39 

..I 43 47. 
I I • I ' I '| I 'I '1 'I ' 

M/E 
T 
40 

63 

^55 I 
1 
60 

68 

76 

' ' ' I 

87 98 

81 4-pr 

80 
'I I'l' 

111 
126 

122 , 

BASE M 
RIG: 

E: 152 
84096. 

152 

MM 

100 120 
"1 
140 

31424. 



100.0-1 

50.0-

MASS SPECTRUM V DAIA: 3421PBH #1483 
03/24/82 11:08800 + 12:21 CALI: FRI092482A #2 
SAMPLE: SLP-15 WELL HEAD VOL EXT'D=1940MLS FINAL VOL=4O0 UL IS SPIKE=400 
CONDS.: 

#1483 - #1468 - #1468 

76 

63 

51 

35 
I I I' 

39 

4- 43 47. 

M/E 40 
-r-r 4^ 70 

87 93 

60 
T 
80 

126 

122, 

100 
• r I .133 .1?9 

f'-l'l't iM'i-

BASE M/E 
RIC: 1 

154 
•0944. 

154! 

120 140 

161 

160 
t-v 

38592. 



100.0-1 

30.0-

il 

MASS SPECTljJUM DATA: 3421PBH #1685 
09/24/82 11:08:00 + 14:03 CAI.I: FRI092482A #2 
SAMPLE: SLP-15 WELL HEAD UOL EXfD=1940MLS FINAL UOL=400 UL IS SPIKE=400 
COHDS.: 
#1686 - #1665 - #1665 

39 

4J 43 

M/E 
r 
40 

+-1-

63 
69 

51 
57 4. 

74 

82 

. 60 
1 
80 

87 
98 

100 

. 1?2 , 

120 

139 

» I I'i'i 14 

BASE M/E: 166 
RIC: i 148480. 

!166 

' I I 

!; ii 

,'l 
140 

+-f 
160 

36032. 



100.0-1 

50.0-

39 

-f-V 

MASS SPECTRUn DATA: 3421PBN #2067 
09/24/82 11:08:00 + 17:13 CAI.I: FRI092482A #2 
SAMPLE: SLP-15 WELL HEAD l»OL EXT'D=1940MLS FINAL UOL=400 UL IS <^PIKE=400 
COHOS.: 

#2067 - #2057 - #2057 

76 

63 

50 

42 I •.•f-.JL I >' I I 
55 . I 
•T*T 

M/E 40 60 

69 

80 

BASE M/ 
RIC: 

1*'8 

89 

152 

139 

98 105 

M +1 
120 

100 120 0 
T 
160 

178 
10768. 

r., , I 

184 

180 

r 1986. 

1 

a 
rv 

PTN 



100.0-1 

50.0-

. I 

MASS SPECTpi DATA! 3421PBN #2088 
09/24/82 li!03:00 + 17:24 CAI-I: FRI092482A #2 
SAMPLE! SLP-15 WELL HEAD UOL EXT'D=1940MLS FINAL yOL=4iii0 UL IS SPIKE=400 
CONDS.! 
#2088 - #2093 - #2093 

76 

63 

50 

??|l, |l|', ilil'M 
M/E 

T 
40 

63 

T 
60 

69 
-rl-

89 

80 93 
98 

80 

152 

4H 

126 

'I'l t'l I'r 

100 120 
r 

140 

BASE il/E! 178 
RIC! i 7056. 

178 i 

fU 

1622. 

160 180 



100.0-1 

50.0-

tl/E 

MASS SPECTI^UM DATA: 3421PBN #2552 
09/24/82 11!08!00 + 21J16 CALI! PR1092482A #2 
SAMPLE! SLP-15 WELL HEAD VOL EXT'D=1940MLS FIHAL VOL=40e UL IS SPIKE=400 
CONDS.i 
#2552 - #2542 - #2543 

202 

75 

39 50 63 a iJO T|- _ 

88 

101 

50 

f,,187 „i 

150 174 

100 150 

BASE 
RIC 

M/Er 202 
! 30176. 

'''I '—r T—TT 
253 

'• I ' I 
250 

8512. 



100.0-1 

50.0-

HPJSS SPECTRUM DATA! 342iPBM #2639 
03/24/82 11!08:00 + 2l!59 CALI» FRI092482A #2 
SAMPLE! SLP-15 WELL HEAD UOL EXT'D-1940MLS FINAL MOL=409 UL IS SPIKE=400 
COHDS.! 
#2639 - #2629 TO #2630 - #2630 

202 

101 

74 
39 5,® 
•I .. II.. T-VH-

63 
ill • I 
1""'' I 

Uyl 
M/E 50 

Ml 1 150 174 

, k .4 
150 

218 i 
' 'I ^ I 

BASE M/E: 202 
RIC: 22496. 

200 

253 281 
' I 'I I ' > ' r » 

250 

6136. 

r 
CL 

tr\ 



CH2MBH1LL 
ANALYTICAL REPORT 

PAH, N and S Heterocyclic Compbunds 

Sample Identification SLP-15 Well Head Lab # 

Date Received 9/16/82 Date Extracted 

Date Analyzed 9/24/82 

3421P 

9/20/82 

Compounds MDL^ Conc^ Compounds MDL^ Conc^ 
ng/l ng/l ng/l ng/l 

2,3-Dihydro-1 -Indene 35 1-700 Acridine 40 BMDL 

IH-lndene 25 72- Phenanthridine 35 BMDL 

Naphthalene 47 17-^ (S? Carbazole 28 BMDL 

Benzo(b)thiophene 25 m. yri- Fluoranthene 25 430 

Quinoiine 25 BMDL Pyrene 25 340 7'^ 

Indole 72 BMDL ^ Benzo(a)anthracene 25 BMDLCg? 

2-Methylnaphthalene 50 BMDL Chrysene 25 BMDL 

1 -Methyl naphthalene 30 93 Benzo(b 6 k)Floranthene 25 BMDL 

Biphenyl 25 540 Benzo(a & e)pyrene 25 BMDL 

Acenaphthylene 25 1200 /ibb Perylene 25 BMDL 

Acenaphthene 33 2200 lndeno(1,2,3-cd)pyrene 43 BMDL 

-Eiuorene 35 2100 Dibehzo(a,h)anthracene - 35 - BMDL 

Phenanthrene 25 100- Benzo (g, h, i) pery lene 25 BMDL 

Anthracene 25 130 /Zt-

Percent Recovery of 1-Fluoronaphthalene = 100% 

1 MDL = Method Detection Limit 

BMDL s Below Method Detection Limit 

jUia -
'Wad- WA/X 

3 



/ CHZiMSSHlLL 

LABORATORY WORKSHEET 

St. Louis Park Project 

I. SAMPLE INFORMATION; Date Received Jby /»^<gg.Lab # P 

Condition of Sample; _ /rj . 

Labe led: 5LP- lf> _ -7/}^ J 
a 

Sealed 

,11. SAMPLE EXTRACTION; Date Extracted Extracted by JUTT^ 

Volume Extracted M40 Final Vol. of Extract_ ^dpjU.. 

Surrogate Spike Concentration /zPAln^JlZlCJi^ ^^,4-

Extraction Difficulties .SZ/J j^yyA^y^. 

III. SAMPLE GC/MS ANALYSIS; Analyst_ _Analysis Date_ 

Internal Standard Spike Concentration_ 

PAH, N and S Heterocyclic Compounds 

CooDounds 

D^-Rhenol (IS) 

2M 

95 

Scan Area 

2,3-Dihydro-lH-Indene ^112-
J^16' IH-Indene. . . 

D -Naphthalene 
Naphthalene - . . >rr28 
1-Fluoronaphthalene (S) 146 

(IS). ..... .^113^1 

Benzo (b) Thiophene *T134 
Ouinoline. . . )C129 
Indole .a............117 

llfi Tic, 
•7-^ IMl 

2-Methylnaphthalene. ...... .142 
1-Methylnaphthalen e 
2-Fluorobiphenyl (IS) ^172 
Biphenyl 
Acenaphthylene 
Acenanhthene 

•^52 
^54 

^78 
Fluorene ~ ^66 
Phenanthrene . 
D -Anthracene 
An&racene . . 

(IS) 188 
.>^1.78 

Acridine jC 179 
Penanthridine 5^179 

l-XHS-

Viuf-

5^52, 
Q.lCg 

iilSl 

^5Ex 
Je 

^7^ 
/3 (3/ 

-
- br? 



Compounds QM 

Carbazole >(.167 
Fluoranthene ^.202 
Pyrene *r202 
Benzo (a) anthracene 228 
D -Chrysene (IS) ^240 
Chrysene . .X. 228 
Benzo(b)Fluoranthene 252 
Benzo(a)pyrene 252 
Perylene \ 252 
Indeno(1,2,3-Cd)Pyrene 276 
Dibenzo(a,h)anthracene 278 
Benzo(g,h,i)Perylene 276 

Scan Area 

6 « 
23^ 

"13 



CALCULATION WORKSHEET » 3*f(^l P 

D .-Phenol (IS) Si,?-IS" A 

2,3-Dihydro-lK-Indene-- 6.-29 . M-f 
©.7*7 X. 

IH-Indene- ^ ^ 
o.7<f * 

Dg-Naphthalene (IS) 

Naphthalene— — — — —._J2IX2EC—^ 

1-Fluoronaphthalene (S) ^*^"3—^ ^<00* \0t>% 
l-oM *5*0 

Benzo (b)Thioohene - - - — —^ Ho O a. 

ZT—fZ -
Indole— 

Z-Methylnaphthalene - - -

1-Methylnaphthalene ' ̂3 
Uii 

2-Fluorobipheinyl (IS) 

Biphenyl ^ 
1-3 0 X \ 

flcenaohthylene ^-^.S ^ ^ 
1.5-0 >. 

Ucenaphthene ^110 

^ ^131 
o.v 

Phenanthrane <?• /'fo 0 /6t> |f^ 
u«0 *• 

Fluorene — 

D^Q-Anthracene (IS) 



Anthracene <^-7^ 
/•z-7 

Acridine-

Penanthridine 

Carbazole — • 

Fluoranthene~ ^ ^ 

Pvrene - > — 34^ 
1.17 

Benzo (a) anthracene — 

Chrysene- — 

Benzo(b)Fluoranthene-

i^.cn^sf h4^X> 

Benzo (a) pyrene- -»— - -

Perylene-

Indeno(1,2,3-Cd)Pyrene 

Oibenzo (a,h) suithracene 

Benzo(g,h,i)Perylene 



8411 ^ 

pcu^ 

Sw,.. 

^31 
^5-1. 
fft? 
5n 

(•ffff' 

^PAtic 

M/ 

fiHtert 

5 f ? 

3 V». Jyut 
l^wlsW' 

i-P Mfhihl<vk 

Ow:m^ 

T^i -• 

iKtesfAA 

-1.5 )/^ ^ 

«^-/U»^Ji. Oi) 

A/<yK. 

/-p-fi/ofk 

^-lO ^i^tv 

'=fr'' 
3C9C/ 

/3r 
-i3ro 
) ~jt4ee> 
-34X0 
-¥i-oa 

•^1) 

x--i 

L»>U, 

/ ») jiua^ki *»«/ . 

(Pi,i»tu'(Uue — 

C^«|^. : S (uMuJl 

3S7S 

4J-i 

% 

% 

t4iO 

upmhjLKj. 
rg««i - gti/u.. 

<»5a- »»3^73r/ 

?lo -/t6)?r 
/4i^- a/«|o9-

404f-

9/f-

OPTPP /9AJ3-1) Of; 

S^tams^ 

S23?-fi2£t 
43!' 

ibhSto 

46^4 i^Ji) 

P&3, 

>^C7 

<2>t\dl 

ifBS 
f&e^ 

^olf 
zxx^ 

3 4X1- P -lb 

J/Mf^ (^o.ee^Z) 
/fiX¥X 
^3(i>XO 

n 
-.-fi) n 

srO. 

6-&48Pf 

I- Hiox. 

-/l'9^y'^ 

14<^.' 

(jOj^ 

/Mtoi aA*vJi •• t3 

9*~—~ 
g.»-Biw. 

•SJL 

/i>8i 
uo?x. 
a/Of-3. 
ass^ 
Ibf^ 

+a.of-^ 
"O'i^ 
Ot44»4 

-4E-

).4b/X. 

A o3f 

5". AW Tr 

/y. 



{ 

DATA: EPAQCTEST #1 
CALI: FRI632482A «2 

RIC I 
03/24/82 8:57:00 
SAMPLE: 
COHDS.:. 
RANGE; G 1/1500 LAPEL: H 0/ 4.0 QUAN: A 0/ 1.0 J 0 BASE: U 20/ 3 

SCANS 800 TO 1300 

100.0-1 

PCP=> 

RIC 

61S 878 922 

1247 

BENZIDINE") 

966 

1048 

800 
6:40 

300 
7:30 

•~T 
1000 
8:20 

1027 , 

<=DFTPP 

1091 1130 1167 
•—1 
1100 
3:10 

1200 
10:00 

V • 

52352. 

I 
1300 SCAN 
10:50 TIME 

) 
OL 

fi 
ro 

••• •! 





" •, ', i '..'-''?T»'>_;+-*i^1 
• ^-T •; ..^v"* -^' "''"J^T-i 

H-xnaene. . . V . . . •. . .xxo 
.-Naphthalene- (IS). . Mi36 
NaphthaleneVi: n<4^ nu.91^ 
l-I'iuoronaphthaiene, v*,!> »1^6 *7 V"^ ^fo 3 I 
Benzb (b) Thiophene.. : .134 
Ouinoline.'••t-i;v^•'.:'--r^^ ^. 129 

7^3 7<^ g 

J,i-.^ ••'•• •' - . 

lyinaphthalenei-^'v^?^;^ :^ •. 
Indole_ 
'i^'Methylnaphthalene' 

117 
142 

^<7 7 -7^^0-7 
ZOOS' 

11 l^S' 
i£i£: 
i?r^-
jji^ 

JLiLLk 
"-ozm 

An£nr£cene^t^J'"V^:^-? .178 

;z{n7 

Benzo (aj 2uathracene. '•' er •w/'W.'Y 

Benzo (b) FIu6Vanttiene'k£9 J57;d?^ •. 2^ 
• Beiizb (a)pyfene^^>*^-:^ 

2Mqt 

IMAH 

1-^7 
771^ 
I'O'i- , ... 

liJ42 ,—^ A 
l.giL yC20l2r,gr 
I ert vy * « / -»« 

siOZ. 
ULiUnj^ fgfgU 

•7^: 

^3 2. yy 

mB£ 

KIT?, y;io / 37 g• ̂ 3;^ 

l.X^- ••• ^ :.'—.ir-::^% 

I.oi 

^0 73'6-

g"3??'?3 
SS-S^L-
Y.ftH-z 
SZSZ. 
Avzya 

K^7 ̂ '"" 

/. (V 
[ ^ Q •• , 

1. 13V.-• .t:-• •'""'5>s«-i:;^^...j 



>;-iv . 

•- A . '•.• .. ;...f.')y-

.128 

.146 

D_-Phenol 
, 3-Dihydro-lH-Indenei '•-. 

IH-Indene.. . .... 
D -Naphthalene (IS). 
Naphthalene. ". '. 
1-Fluoronaphthalene (S) i 
Benzo (b)Thiophene.' ^ 
^x^inolin^i^^^ . ^ . .'•*.•» 
Indole, . .y. 
2-MethyInaphthalene-. V. . . 
i-MethyInaphthalene^ .142 

• 2-Fluorobipheny 1^ (IS).-

.117 

737 

.134 

.129 1 

.117 1 9*? 9 

7^l(,-r y>sj>liuLzr 
"x^o/ai-^r 0.7^-

37 /.5-3 
:§ 

<^gp 
f,oM n.i U 

r(^4(^ yIo/37 

/.M^ 
^ -a <-0 /f>. 9>^v 

9<4979f hf 

Beiizo Co) Flaoranthene .;,. 

Perylenev; 

.25 2 
.zuti. 

-2523. 

,Indeno a;2,3-Cd)Pyrene^^>r:i^'?^;*^^ .276 
Dibenzo(a'»h)anthracene .278 

! Benrb(g,H,i) Perylene -. 276 

—-''wf?- ••'-"tlii;' V •• " ;,v•^^.•:?;'^ .f'X' -• • •"•>•.•. • '•••••• •;•• •-- • . ••'•i--' :" -• ••.. •:-'- - -i ' 



m 

ma 

.i^:rSVStj:Xi:|vi34 

Ouinoline. 
.indole . •*-'•-
2-Flucrobiphenyl (IS) E72 
Biphenyl 
Acenaphthylene 
Acenaahthene 
Flucrene 
Phenanthrene 
Di^-Anthrs 
;Anthracene 
.'. Acridine _ _ .. 
^ Pehanthridine.: 
. CarbcLzole. 
^'Fluoranthene • 

Pyrer 

JMZ. 
/<p^y 

i,L,<^yLioi3s:gz 

7g.op' HfSl-P 
Q(,o 

uu(> yxof S'T S U'O^ 

pf>rg^ 3>*» -'i• /tfo 
^ •?0 h MB— 

2r)S^*- 4,^X.3'/Z> O^gS 

122ZZE 
^<L±2- 7/ 

s'^ ?7 -y- } ,10 

kiL 

^ Benzo (a) pyrene 
.-'.Perylene ' 

mi. :^??? 
Indeno (1,2,3-Cd) Pyrene^ M^i£}±. 

rii»^ -ir-

' Dibenzo (a, h) anthracene''^^3J?^^;^v^^ 278 D ..7 V. 



• - V 

r' S T4*J 

^yr 
p4l4sws-ldF 

• •• 
DATE 

RESPONSE FACTORS 
PAH, N and S Heterocyclic Compounds 2^ iSS 

Comoounds Scan Area 

Dg-Phenol (IS) 

!. i .-Vi-.-V. . •• . • • 
2,3-Dihydro-lH-Indene .117 
IH—Xndene. 
D -Naphthalene (IS). . . . . . 
Naphthalene. . 
1-Fluoronaphthalene (S).... 
Benso(b)Thiophene. ...... 
Ouinoline. .... 

J2kSL 
sua 
11(4 

.128 -72.?^ 

.134 

.129 

:v7J:sr--- V 
> - \> 

• '-'Ti '^i^r 

indoie. 
2-MethyInaphthalene. . 
1-Methylnaphthalene. . 
2-Fluorobiphenyl (IS). 
Biphenyl''F" 

.' V .117 717 

~p-m 
7</ ^ o -9^ 
Q3n<A 
131^1 

•141_7Z2= ^ 
.Oi^ 

/<;>/) y?c» I V.riV f)n9 -t 

.142 CJJiM 
/YfeVSl.'S- /.'4.V 

fOXU 
n \4(4 

.154 ;/-7C, 
,9^/7 

)C2oi3r,g^ A9f^r 
/,^?- yxol 37 s 

'AcenaphthVlerii^'^^^-.^^^^-^r^j^^ 152 7:^3^ /n / 5aO 
• AcenaDhthene>^:^"!.l^f^' ^;'-lgi^'t->'l'^.' .154 I lU £>9 93.0, 

Phenanthrene .' '. ... 1 ". ."'Y' .• .178 
b^-AnthracenV,(IS)' V . ̂I38 

•f 7 6-:rjy 

;7 :pr;' 
An&iracene 
Acridine- ''.~--"i' •.•' 
Penanthridine'.'y . . 
Carbazole.' . .' , . . 
Fluoranthene . . 
Pyrene . . 

.178 

-;7cr^7 
g-?( 
T7T 

^ VT;^'^-.179 
'3S-7V 

.179 1 :?/^-r<r1 

Y .^3V3i?-.202 
.202 J.Q7<f '^07^<4 

- -r?'iv.!;.-.,-

* • ', '•• • - • 
Benzo(a)anthracene . , 
D^:,-Chrysene (IS). . . 
CEfysene . . .' . . ; ' . 
Benzo(b)Fluoranthene : 
Benzo (a) pyrene •; '»" . 
Perylene... .,. •. .... . 
Indeno(1,2,3-Cd)Pyrene 
Dibenzo(a,h}anthracene 
Benzo(g,h,i)Perylene'; 

,252 

a.-

306<h 
>5 34513 

.228 1 Uc3 9S' 

.252 <?V73 

.252 .^79/4 <?> t(, -
lC,f(4 W 933Z-

.276 14 6 2,(4 
.278 ^/<J3 7 

?^77 2-
3 <Lco9( 

<0.7 
/>.73 

.276 Uf3^ fn.^s"-

,Y£V.?P5^«H;:V- ::,: . • ' . 

. I ,;• "Sr-r; V '• •• 

'•'i^'4 '• 

• r-.. 
."i •: -V.v ;«^'%v,«..7-..''''.il 

- ̂ -'f 

<- rDS •• •• 



7^^ i-.rr •. 'fLi yi' 

273-Dihydro-] 
IH-Indene i 
D -Naphthalene ̂'(IS) ̂  jE! 

,• Naphthalene. 128 
l-PluoronaphthalerieV:^'^'j^^:146 
Benzo {b)Thiophene.''^:f^'';^^^^v^ 
Ou'inoline'. 

7<P/ l/u:ye,n LUL 

' "i'*. 

Carbazole 
. riuorauithene 
"Pyrene 

3.ffO' 
^ ts-l 

202 
232: 

^-7 7/6r 

I.:? 7 

:g-rr7 
>g6~V7 V 

Dt,cn4\ 77y 
h'^'rrf 

' ~\.n 

•7/ -^ fro'Xb: 

2Z£^_SEl2ZH 
/^enzo (a) pyrene f 

zszsiZ^HSSzZ 

t 5 •''•• -• 
1 

• Perylene' ; 2 
Indeno (1,2,3-Cd) Pyrene .Kj^%5yi^^21 
Dibenzo (a,h) anthracene .,''^ -li>'»'v«.,278 

«af>-e>r^a»tf?ieg!!-' 

Benzo(g,h,i)Perylene 



fl/j. 

fnr/i *o 

f-/ 

1' 
t 

? 
?' 

•/T 
•lt> 

I 
O »<«• 
T 
50 

euu'4'a. 
6>:74-
o .^t> 
a. 
a.71 
a.z^ 

T 
t30 
«5C 

,o>/ 

A/<yA. 

/.Ji' 
y.o>'^ 
/.^J 
/.-^r 
/.<^/ 

S.o% 

ficeAij. 

hirbLT/^ O.lt 
/. bt> (.0 b 
1.4 3, 0.11 
I. SI? /.H 
/. 4^ 0.19 
/.se> hot 

f.si AOA-
o.oii 0.(9f4 

(o'O 1o S.^7c 

/^c/uuitut 

6.1 X. 
o.n 

o.fS 

£>^1 

o.r( 
e,oi7 

>3.I7» 

FmfL 

frt^ ti3 
hof 
/,/3 
f.Oi' 
1.94 
//<« 

hoi 
C.oi'Z 

4.^ ho 

P>i9 H? 
d96 

1.16 
J.of 
l.f?-

Fhhuct**^. 

0.17 
o.lt 
o-t/ 
&.rr 
0.1 JL 
a.fZ. 

o.l X 
o.o^*^ 
•l.^lo 

5^4 

/./3 
9 053 

4.7 ho 

lrr4->f.3f 
1.1.3 

/.ci7 
/,Aa-
hdF 

/.i3 
s.oio 

?-.3i 

Zf\y^. 

tT*^/.4t 
/Af 
/.Si 
/.S4 
/•J7-
/.F2 

/.40 
9. Off 

/AO 

/,/ (o 
/.oir 
/// 

US 
hf7 

(.t4-
0.04I 
^.h% 

i3.A:? 

i.31 
O-H! 
0.13 
O.tO 
O.T6 
0.16 

O.bl 
0.6? 
o.i>3' 
0.32.. 

0.1O 
i6.013 
^./oho 

O.iT-
O.Oil 

xf-.Zt 




